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A B S T R A C T

Previous studies indicate that the effectiveness of reading and spelling predictors in transparent orthographies is
affected by the onset of literacy training at school entry. In this longitudinal study with 65 German speaking
children, the effects of literacy predictors on reading and spelling abilities were compared before and after
school entry. Phonological awareness, letter sound knowledge, and rapid naming were assessed before and after
school entry. In addition, reading and spelling abilities were assessed at the end of first grade. Path model
analyses showed that letter sound knowledge before school entry predicted reading and spelling at the end of
first grade, while rapid naming after school entry predicted reading but not spelling abilities. This study shows
that the onset of schooling influences the predictability of early literacy predictors and indicates that with the
onset of formal literacy education, predictors representing automaticity in serial processing increase in sig-
nificance for reading abilities.

1. Introduction

Reading and writing are two important cultural skills that support
children's independence and foster social integration and career op-
portunities throughout the life span (Cunningham & Stanovich, 1997).
Several precursor skills have been identified across languages which
predict early reading and spelling abilities. Early word reading or de-
coding abilities in turn are precursors for more advanced reading
abilities like reading comprehension (see i.e., Caravolas et al., 2012;
Van Viersen, de Bree, Zee, Maassen, van der Leij, de Jong, 2018).
The most regularly identified predictors of early reading abilities are

phonological awareness (i.e., rime awareness, phoneme awareness),
letter sound knowledge and rapid naming (e.g., Caravolas et al., 2012;
Caravolas, Lervag, Defior, Málková, & Hulme, 2013; Castles &
Coltheart, 2004; Ennemoser, Marx, Weber, & Schneider, 2012;
Georgiou, Papadopoulus, & Kaizer, 2014; Georgiou, Parrila, Cui,
Papadopoulus, 2013; Hulme, Nash, Gooch, Lervåg, & Snowling, 2015;
Leppänen, Aunola, Niemi, & Nurmi, 2008; Lervag, Lyster, & Hulme,
2012; Muter, Hulme, Snowling, & Stevenson, 2004; Näslund &
Schneider, 1996; Schatschneider, Fletcher, Francis, Carlson, &
Foorman, 2004; Torppa, Lyytinen, Erskine, Eklund, & Lyytinen, 2010;
Ziegler et al., 2010). Phoneme awareness, letter sound knowledge and
rapid naming have, furthermore, been connected to spelling (Caravolas

et al., 2012; Caravolas, Hulme, & Snowling, 2001; Moll et al., 2014).
In addition, it is known that various subcomponents of early reading

(i.e., word reading ability, reading fluency) and spelling abilities are
predicted by different predictors (Ziegler et al., 2010; Leppänen et al.,
2008; Moll et al., 2014; Muter et al., 2004; van Viersen, de Bree,
Maassen, van der Leij, & de Jong, 2018). For example, early word
reading and spelling abilities are predicted by phonological awareness
and letter sound knowledge (e.g., Caravolas et al., 2001; Caravolas
et al., 2012; Caravolas, Lervåg, Defior, Málková, & Hulme, 2013) while
reading fluency is additionally explained by rapid naming (e.g., Moll
et al., 2014; Ziegler et al., 2010; van Viersen et al., 2018).
The significance of phonological awareness, letter sound knowledge

and rapid naming on reading and spelling abilities is consistent across
alphabetic languages. However, the trajectories of reading and spelling
acquisition differ as a function of language transparency (Caravolas
et al., 2012, 2013; Ziegler et al., 2010; Ziegler & Goswami, 2005) and
educational environment (Holopainen, Ahonen, Tolvanen, & Lyytinen,
2000). For example, the effect of phonological awareness on reading
and spelling has been found to be stronger in opaque than transparent
orthographies (Leppänen et al., 2008; Mann & Wimmer, 2002; Moll
et al., 2014; Ziegler et al., 2010).
While evidence on the trajectories of literacy development in dif-

ferent orthographies is increasing (i.e. Caravolas et al., 2013; Moll
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et al., 2014), studies on the influence of changes in the educational
environment on the trajectory of predictors and literacy outcomes are
still scarce. Most studies on reading and spelling predictors have been
conducted after the onset of formal literacy education (Caravolas et al.,
2001, 2012; Moll et al., 2014; Murphy & Farquharson, 2016; Ziegler
et al., 2010) and longitudinal studies which study development across
school entry did not compare the predictability of different precursor
skills before and after school entry (i.e., Hulme et al., 2015; Torppa
et al., 2010).
However, there is some evidence that suggests that the effects of

precursor abilities vary as a function of institutional change, especially
in educational environments where educational traditions differ
strongly before and after school entry. For example, Caravolas et al.
(2013) studied growth patterns of word-picture-matching abilities in
Czech, Spanish and English-speaking children living in the Czech Re-
public, Spain and the U.K. During the course of the study, Czech and
Spanish speaking children entered school, while English speaking
children already attended school. Results show that growth patterns
increased strongly in Czech and Spanish speaking children as a function
of school entry but remained linear in English speaking children. In line
with this finding, the predictors explaining these growth patterns might
also change as a function of school entry.
For example, letter sound knowledge, a common predictor of

reading abilities (i.e., Castles & Coltheart, 2004; Leppänen et al., 2008;
Schatschneider et al., 2004), is the bedrock of early alphabetic training
in the first years of reading and spelling education. However, it is not
clear how and when letter knowledge is acquired and how it develops
in educational environments in which it is not mandatory to train letter
knowledge before school entry, (i.e., Goswami, Ziegler, & Richardson,
2005; Leppännen et al., 2008; Mann & Wimmer, 2002; Treiman &
Kessler, 2014). It can be expected, that letter knowledge is an important
predictor of reading and spelling abilities, especially in transparent
orthographies, in which children rely on phoneme-based processing
early in the reading acquisition process (i.e., Ziegler & Goswami, 2005).
However, variability in letter sound knowledge is likely to decrease
rapidly after school entry, when formal instruction of grapheme-pho-
neme correspondences begins and, thus, the influence of letter sound
knowledge as a predictor of reading and spelling should become less
important.
The opposite trajectory would be expected for predictors that are

directly connected to cognitive processing mechanisms in reading or
spelling and, thus, share a reciprocal relation with those abilities. For
example, the relation between rapid naming and reading has been ex-
plained by the shared nature of serial processing in both abilities
(Georgiou, Parrila, Cui, & Papadopoulos, 2013). This type of processing
is likely to be fostered by reading acquisition and, thus, should increase
in importance with the onset of formal reading instruction. It is unclear,
however, whether the same trajectory can also be observed with regard
to spelling: Studies with children in 4th grade (Moll et al., 2014) sug-
gest that rapid naming is a significant predictor of spelling, but there
are no comparable studies investigating the predictive effects of rapid
naming on spelling at earlier stages of development.
A similar developmental trajectory can be expected for children's

phonological awareness skills. It is well established that the introduc-
tion to letters in school fosters phoneme awareness (Castles & Coltheart,
2004; Lervåg, Lyster, & Hulme, 2012; Mann & Wimmer, 2002) and
beginning reading in transparent orthographies typically relies heavily
on phoneme-based processing (not rime-based processing; Goswami
et al., 2005). Phoneme awareness has been identified as an early pre-
dictor of spelling abilities in English (Caravolas et al., 2001), but, again,
there are no comparable studies with children that do not receive lit-
eracy training before school entry. This might be partially due to the
fact that phoneme awareness is particularly difficult to assess in these
particular circumstances (Castles & Coltheart, 2004; Mann & Wimmer,
2002). In contrast to phoneme awareness, rime awareness, which
should be well developed even before school entry (Castles & Coltheart,

2004; Mann & Wimmer, 2002) should decrease in its influence on
reading abilities, although it is unclear whether this also holds for
spelling.
In summary, it is likely that the effects of different precursor abil-

ities on reading and spelling skills diverge before and after school entry
in transparent orthographies and in educational environments in which
no strong emphasis is placed on teaching literacy skills before school
entry. However, the question how these precursor skills develop and at
which time they are particularly important for the development of later
reading and spelling skills is of high practical relevance. The aim of this
study was, thus, to compare effects of predictors of reading abilities
before and after school entry in children that were learning to read in a
transparent orthography, in an educational environment were literacy
training differs strongly before and after school entry. In addition, as
predictive effects on spelling have not been studied extensively in
transparent languages, we also included children's early spelling skills
as an additional outcome variable.
We conducted a study with young German children, who grow up in

an educational environment with no obligation to teach literacy skills
(i.e. letter-sound-correspondences) before school entry. We assessed
rime awareness, phoneme awareness, letter sound knowledge and rapid
naming as predictors at two time points before and one time point after
school entry. Fundamental (word-picture-matching) and advanced
(reading fluency) reading abilities as well as spelling abilities were
assessed at a fourth time point at the end of first grade. We investigated
whether predictors were stable across time and compared their effects
on reading and spelling abilities before and after school entry using
path model analysis. We assumed that predictive effects of letter sound
knowledge and rime awareness on reading abilities decrease across
school entry, while effects of phoneme awareness and rapid naming
would increase. Furthermore, we explored the development of pre-
dictive effects on spelling.

2. Method

2.1. Participants

Data reported here are part of the longitudinal project PLAiT, which
investigated the literacy development of 104 young children across
school entry. The children were recruited from seven Early Childhood
Education and Care (ECEC) institutions in Berlin, Germany. A signed
consent form of a primary care giver was a necessary condition for
participation.
In Germany there is no grade-system before school entry. Children

start first grade with school entry. Educators in ECEC institutions have
an unsolicited guideline with regard to teaching contents, that, at the
time of the study, did not include teaching reading, letters or phono-
logical awareness but text familiarity (i.e., contact to text, joined pic-
ture-book reading sessions; Senatsverwaltung für Bildung, Jugend und
Wissenschaft, 2014). Teachers in elementary school, on the contrary,
follow a well-defined curriculum that includes teaching letter-sound
correspondences (phonics approach), reading, and spelling (i.e.,
Senatsverwaltung für Bildung, Jugend und Wissenschaft, 2017).
Background information (parental questionnaire) and general lan-

guage and cognitive abilities of children were collected six months prior
to the first assessment (T0). Various reading predictors were assessed
ten and four months before school entry (T1-T2) and two months after
school entry (T3). Literacy abilities were assessed ten months after
school entry (T4).
Drop-out rates due to organizational reasons (i.e., moving away, not

able to participate at one or more of the measurement points due to
absence or illness) were in a range that is typical for longitudinal stu-
dies with kindergarten children: Only 17 children (16% overall,
i.e.∼ 3–5% at each measurement points) dropped out across the five
measurement points (T0-T4). However, school entry in Berlin is only
loosely regulated and parents have the option to decide whether their
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child will enter school at the age of 5, 6 or 7. Although all parents
indicated that they intend to send their children to school at age 6 at the
beginning of the study, parents of 22 children eventually changed their
decision. Differences between children that dropped out due to
common reasons, children that dropped out due to school entry related
decisions and children that entered school are provided in Table S1 in
the supplementary material.
The remaining 65 children (36 boys) completed the entire set of

tasks at all time points. Those children's mean age at the assessments
was 5;4 (SD=3.04) at T1, 5;10 (SD=3.15) at T2, 6;4 (SD=3.15) at
T3 and 7;0 (SD=3.14) at T4. Children were tested in individual ses-
sions. Before school entry, children were assessed in a quiet room in the
ECEC institution they attended (T1 - T2). Children entered one of over
30 schools after T2. Testing then took place at our research institute
(79%), in a quiet room at the school the child attended (15%) or at the
child's home (6%) at T3 and T4.
Education of children's mothers was high with 74% of the mothers

having a university degree (bachelor or higher). Most children (82%)
were monolingual, 12% were bilingual, including German as one of
their first languages and 6% spoke German as a second language.
Regarding children's general cognitive abilities, all children scored
within two standard deviations of the population mean in standardized
nonverbal intelligence (BUEVA-III; Esser & Wyschkon, 2016) and vo-
cabulary assessments (PDSS; Kauschke & Siegmüller, 2010).

2.2. Measures

Outcome measures were assessed at T4, predictors were assessed at
T1 through T3. Apart from rapid naming, the test score of all tasks was
the number of correct responses. Task difficulties were age appropriate
and reliabilities were acceptable to good (see Table 1).

2.2.1. Outcome measures
Picture-word reading abilities, reading fluency and spelling were

measured using standardized tests. For picture-word-matching, chil-
dren's word reading abilities were assessed with the WLLP-R
(Schneider, Blanke, Faust, & Küspert, 2011). In this test, children were
asked to correctly assign as many words as possible to one of four
pictures within 5min. Reading fluency was measured with a standar-
dized speeded assessment (SLRT-II; Moll & Landerl, 2010). Children
were presented with a list of 156 words and were asked to read as many

words out loud as possible in 1 min. Spelling was assessed using the
HSP 1+ (May, Vieluf, & Malitzky, 2002). Children were asked to write
down 9 dictated words and one dictated sentence. The number of
correctly spelled graphemes served as the outcome variable.

2.2.2. Predictors
Rime awareness, phoneme awareness, letter sound knowledge, and

rapid naming, were assessed to measure children's ability to access
phonological, orthographic information as well as the degree of auto-
maticity in serial processing.
Rime awareness was assessed with a computerized rime judgment

task (i.e., Bradley & Bryant, 1978; Wagensveld, van Alphen, Segers, &
Verhoeven, 2012). Children were presented with two words and had to
decide whether the words rhymed or not. They indicated their response
by pressing a red key if the words did not rhyme and a green key if the
words did rhyme.
Phoneme awareness was assessed with a computerized version of

the vowel length discrimination task of the BAKO 1–4 standardized
inventory of phonological predictor abilities with regard to reading in
elementary grades 1–4 (Basiskompetenz für Lese- und
Rechtschreibleistung; Stock, Marx, & Schneider, 2003). The task was
adapted for preschool children by presenting the stimuli in a forced
decision design with two items per trial instead of an odd-one-out task
with 5 items per trial to reduce working memory load. Children were
asked to judge which one of two presented pseudowords sounded
longer. Differences in length were manipulated with different vowel
lengths. Words were presented on a laptop, children indicated their
answers with oral responses and the experimenter logged in the answer.
Letter sound knowledge was assessed with a computerized task.

Children heard 16 phonemes that have a unique correspondence to
letters in German (e.g.,/ɑː/= A/a). Both upper- and lower-case letters
were presented and children thus heard the sounds twice, resulting in
32 trials overall. They were asked to identify the letter out of a set of
two letters that represented the sound. The two letters were presented
on the left and right on a screen and children indicated their response
by pressing a key on a keyboard.
The degree of automaticity in serial processing during word re-

trieval was assessed with a rapid naming task of objects (Pauly,
Linkersdörfer. Lindberg, Woerner, Hasselhorn, & Lonnemann, 2011).
Children were asked to name 18 items in two lines of objects as fast as
possible. Items consisted of six objects that were each presented three

Table 1
Means, standard deviations maximums and reliability coefficients of outcome variables, predictors and covariates.

Variables M(SD) Range Max Reliability

Outcome Variables
Word-Picture-Matching (T4) 37.32 (18.24) 7–78 80 α= .97
standardized value (percent range) 39.60 (30.08) 1–96 100

Reading Fluency (T4) 21.77 (17.27) 0–72 156 r=.90
standardized value (percent range) 60.22 (27.64) 3–98 100

Spelling (T4) 46.75 (10.45) 0–60 60 α= .96
standardized value (T-Value) 48.92 (9.37) 24–70 80

Predictors
Rime Awareness (T1) 26.95 (3.61) 17–32 32 α= .68
Rime Awareness (T2) 27.75 (3.49) 17–32 32 α= .72
Rime Awareness (T3) 28.91 (3.03) 19–32 32 α= .74
Phoneme Awareness (T1) 18.21 (4.54) 10–29 32 α= .66
Phoneme Awareness (T2) 20.34 (5.14) 10–31 32 α= .57
Phoneme Awareness (T3) 21.73 (5.29) 10–29 32 α= .57
Letter Knowledge (T1) 23.52 (5.60) 10–32 32 α= .84
Letter Knowledge (T2) 27.12 (4.52) 15–32 32 α= .84
Letter Knowledge (T3) 29.62 (2.46) 20–32 32 α= .70
RAN Objectsa (T1) 0.71 (0.17) 0.32–1.10 – –
RAN Objectsa (T2) 0.76 (0.16) 0.32–1.10 – –
RAN Objectsa (T3) 0.87 (0.22) 0.32–1.55 – –

Note. a number of correct responses per second.
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times in a randomized order. The number of errors and naming speed
was recorded. The dependent variable was the number of correctly
named items per second.

2.3. Measurement invariance of predictor variables

An important assumption of all longitudinal models is that variables
assessed at different time points represent the same underlying con-
struct, i.e. measurement invariance over time. In order to formally test
this assumption with regard to the four predictor variables used at
measurement points T1-T3, we estimated confirmatory factor analysis
models (Cheung & Rensvold, 2002). To do this, one unconstrained
model and four constrained models were estimated, one for each pre-
dictor variable. In the unconstrained model, the three measurements of
each predictor variable (from T1-T3) were assumed to load on one
common latent factor, i.e. the model comprised four latent factors, one
for each predictor variable. Importantly, however, the factor loadings
were free and allowed to differ between the three measurement points.
By contrast, in each of the constrained models, these factor loadings
were assumed to be equal, in line with the assumption of measurement
invariance over time. By comparing the constrained models with the
unconstrained model, it is therefore possible to test the validity of this
assumption.
The unconstrained model fitted the data well, χ2 (48)= 54.37,

p= .25, RMSEA=0.05 [0.000, 0.097], CFI= 0.97, SRMR=0.07.
More importantly, none of the constrained models decreased the fit of
the model significantly, χ2 (2)= 54.8 (rime awareness) – 57.8 (letter-
sound-knowledge); Δχ2 (2)= 0.40–3.43, p= .18 - 0.82. This indicates
that for all four predictor variables the assumption of measurement
invariance over time was warranted, i.e. the tests measured the same
underlying construct at all measurement points with similar dis-
criminability.

2.4. Children's early reading abilities

To test whether some children were able to read before they entered
school, we additionally assessed children's word-picture-matching skills
(WLLP-R; Schneider et al., 2011) two months after school entry (T3:
α= 0.97). On average, only very few words were recognized
(M=12.64, SD=1.34) and 34% of children were not able to identify
at least one word correctly. In addition, an adapted computerized
version of the same task was also used with the children four months
prior to school entry. Children were presented with a written word and
a target as well as a distractor picture (phonological or semantic) in a
forced-decision design. All items were based on the original standar-
dized task. Children responded by pressing a key on the left for the left
picture and a key on the right for the right picture. Children on average
performed at chance level in this task, M=0.45%, SD=0.23%. Both
findings indicate that children were not able to read before or directly
after entering school.

2.5. Procedure

At each assessment, children completed all administered tasks
within one session that lasted between 45 and 60min. All sessions
followed a similar procedure. Children were invited to go on a treasure
hunt. Each task brought them closer to the treasure. The session started
with standardized listening and paper-pencil tasks (word-picture-
matching, spelling) and ended with a series of computerized tasks
(letter sound knowledge, rime awareness, phoneme awareness, reading
fluency and rapid naming). At the end, of each session, children re-
ceived a small toy for their participation.

3. Results

3.1. Preliminary analyses

All analyses were conducted in R (version 3.3.2). Descriptive sta-
tistics and reliabilities of outcome measures and predictors are pre-
sented in Table 1. Skewness and kurtosis for all variables are reported in
Table S2 in the supplementary material. For outcome variables both
raw and standardized values were available and we used standardized
values in the analyses.
Moreover, an outlier analysis with boxplots was conducted in two

steps. First data points that lay outside 2.5 interquartile range of the
lower quartile or above 2.5 interquartile range of the upper quartile
were identified. There were no outliers in outcome variables. With re-
gard to predictors data points were only excluded, if a child had more
than one outlying observation for the same skill. According to this de-
finition, there were no outliers. Thus, no data points were discarded.
Finally, correlations between measures were calculated per time

point, across time points (cross-level effects of predictors) and with
regard to the predictive effects of predictors at T1 and T3 on reading
and spelling skills at T4 (see Table S3 in the supplementary material).

3.2. Path model analysis

We specified path models using the {lavaan} package (Rosseel,
2012) and robust maximum likelihood estimation. No model trimming
was applied and all models comprised all effects between all variables
unless specified otherwise. For the sake of clarity, however, we only
report significant effects.

3.2.1. Predictive effects of predictors before school entry on outcome
variables
In a first model (Model 1), we used only variables at T1 as predictors

of children's literacy abilities at the end of first grade, without taking
the other measurement points into account (see Fig. 1). Thus, this
model focused on the question which early literacy predictors are re-
lated to later literacy abilities. This model is identical to a multiple
regression model with T1 variables as predictors and T4 literacy skills
as outcomes. It is, therefore, saturated and the fit of the model cannot
formally be evaluated.
We found that word-picture matching abilities were predicted by

Fig. 1. Paths of significant effects of first SEM model with predictors at T1
predicting reading and spelling abilities at T4.
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early letter sound knowledge (β=0.39, SE=0.10, t=3.81,
p < .001). Reading fluency was predicted by phoneme awareness
(β=0.25, SE=0.10, t=2.64, p < .01) and, to a larger extent, by
letter sound knowledge (β=0.36, SE=0.10, t=3.51, p < .001).
Spelling ability was strongly predicted by letter sound knowledge
(β=0.51, SE=0.10, t=5.02, p < .001; see Fig. 1). The amount of
explained variance was substantial for each of the three outcome
variables, R2= 0.28 - 0.32 (see Fig. 1). Finally, there was also a mod-
erate correlation between letter sound knowledge and rapid naming at
T1 (β= 0.34, SE=0.10, t=3.29, p < .01).
In sum, this first model shows that early letter sound knowledge in

kindergarten is an important early predictor of both reading and spel-
ling abilities at the end of first grade.

3.2.2. Development of predictor variables and their effects on outcome
variables
In a next step, we specified a second model (Model 2) with mea-

surements for all four predictor variables at T1-T3 in order to address
two separate but interrelated research questions. First, we wanted to
investigate the development of the predictor variables and their inter-
relationships in kindergarten and across school entry. We thus included
the autoregressive paths for each predictor variable as well as their
cross-level interactions in the model. Second, we wanted to investigate
which of the four predictor variables after school entry best predicted
children's literacy skills at the end of grade 1. To address this issue, we
included the effects of the predictor variables at T3 on the outcome
variables at T4 in the model (but not the effects of these variables at T1
or T2). The overall structure of the model is depicted in Fig. 2. It
showed a moderate fit to the data, χ2= 101.12.24, df=52, p < .001,
RMSEA=0.12 [0.088, 0.159], CFI= 0.86, SRMR=0.10. In the fol-
lowing, we will address each of the two main research questions se-
parately.
The development of the four predictor variables and their inter-

relationships are shown on the left-hand side of Fig. 2. At T2 (four
months before school entry), rime awareness, and rapid naming were
predicted only by their corresponding measures at T1(Rime awareness:
β= 0.54, SE=0.10, t=5.23, p < .001; rapid naming: β= 0.42,
SE=0.14, t=2.98, p < .01). Phoneme awareness at T2 was predicted
by itself (β= 0.31, SE=0.10, t=3.20, p < .01) and by letter sound
knowledge at T1(β= 0.29, SE=0.11, t=2.71, p < .01). Letter sound
knowledge was predicted by itself (β= 0.56, SE=0.12, t=4.68,
p < .001), and rime awareness (β= 0.20, SE=0.08, t=2.45,
p < .05) at T1.
At T3 (after school entry), rime awareness and letter sound

knowledge were predicted only by their respective measures at T2
(Rime awareness: β= 0.40, SE=0.18, t=2.19, p < .05; Letter sound
knowledge: β=0.51, SE=0.18, t=2.89, p < .01). Phoneme aware-
ness was predicted by itself (β= 0.40, SE=0.11, t=3.52, p < .001)
and by letter sound knowledge (β=0.30, SE=0.10, t=2.85,
p < .01). Rapid naming was predicted by itself (β= 0.52, SE=0.13,
t=3.88, p < .001), and by rime awareness at T2 (β=0.20,
SE=0.08, t=2.36, p < .05). Generally, the amount of explained
variance in the predictor variables was moderate to large (see Fig. 2),
with R2 values varying between 0.2 and 0.4.
In summary, all four predictor variables had strong autoregressive

effects at all time points indicating that measurements were reliable and
stable across kindergarten and school entry. In addition, the data also
revealed some important cross-level interactions. Across the last year
before school entry, letter sound knowledge was predicted by rime
awareness and had itself an impact on phoneme awareness that per-
sisted across school entry. These results underline the reciprocal rela-
tion of phonological awareness abilities and letter sound knowledge.
Furthermore, across school entry, rime awareness predicted rapid
naming, which shows an early indirect influence of well-developed
phonological abilities on more significant reading and spelling pre-
dictors.
Turning to the effects of the four prereading skills at T3 on the

outcome measures at T4 (shown on the right-hand side of Fig. 2), we
found that only letter sound knowledge and rapid naming had sig-
nificant effects on the outcome measures. Specifically, word-picture-
matching was strongly predicted by rapid naming (β=0.38, SE =
0.13, t=2.94, p < .01); reading fluency was predicted by letter sound
knowledge (β= 0.23, SE= 0.11, t=2.09, p < .05) and rapid naming
(β=0.35, SE = 0.13, t=2.81, p < .01); spelling was only predicted
by letter sound knowledge (β=0.19, SE=0.09, t=2.03, p < .05).
The amount of explained variance in the outcome variables (see Fig. 2)
was surprisingly small, with R2 values only ranging between 0.2 and
0.3., which is smaller than the corresponding R2 values in Model 1. This
indicates that the predictive value of some of the predictor variables
changed from T1 to T3.

3.2.3. Change in predictor effects before and after school entry
In order to formally compare whether the effects of the predictor

measures changed in their strength before and after school entry, we
estimated a third model in which the predictive effects from both T1
and T3 on outcome variables at T4 were included at the same time. If
predictor variables showed special effects at T1 that were not captured
by their effects at T3 this will manifest itself as a significant additional

Fig. 2. Paths of significant effects of second path model with cross-level and autoregressive effects of predictors and predictors at T3 predicting reading and spelling
abilities at T4.
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direct effect and improved model fit.
Before comparing the model with and without direct effects of the

predictor variables at T1, we trimmed the model. First, we excluded
rime awareness because this variable did not show any significant ef-
fects on literacy outcomes at any measurement point. In addition, we
also removed all T2 variables, because they were measured right before
school entry and therefore irrelevant for the present comparison. This
trimmed model (Model 2b) was similar to Model 2, but only included
the predictors phoneme awareness, letter sound knowledge, and rapid
naming, as well as their autoregressive and cross-level effects between
T1 and T3, and the predictive effects of these variables at T3 on out-
come measures at T4. The model showed a good fit to the data,
χ2= 20.22, df=12, p > .05, RMSEA=0.10 [0.000, 0.181],
CFI= 0.96, SRMR=0.07), and all of the effects described above were
virtually identical to the full model. Similarly, the amount of explained
variance was also the same as in the previous model (word-picture-
matching: R2=0.28; reading fluency: R2=0.30; spelling: R2=0.15).
In a next step, we added the direct effects of the predictor variables

at T1 on the outcome measures at T4 to the model (Model 3, see Fig. 3).
By comparing Model 3 with Model 2b, it is possible to formally evaluate
whether the variables at T1 had special effect on the outcome over and
above their effects at T3. Model 3 showed an excellent fit to the data
χ2= 0.17, df=3, p > .05, RMSEA=0.00 [0.000, 0.000], CFI= 1.00,
SRMR=0.005) and, more importantly, fitted significantly better than
Model 2b, Δχ2= 18.36; Δ df=9; p > .05). In addition, the model was
able to explain a larger amount of variance in all three outcome vari-
ables, with R2 values ranging between 0.34 and 0.38 (see Fig. 3).
In particular, results of Model 3 showed substantial positive effects

of letter sound knowledge measured at T1 on picture-word matching
(β=0.34, SE=0.11, t=3.13, p < .01), reading fluency (β= 0.28,
SE=0.11, t=2.59, p < .05), and spelling (β=0.49, SE = 0.13,
t=3.85, p < .001) over and above the effects of this variable at T3.
This indicates that the predictive effects of letter sound knowledge at T1
are larger than the corresponding effects at T3. Conversely, rapid
naming only showed significant predictive effects on word-picture-
matching (β= 0.28, SE= 0.13, t=2.12, p < .05) and reading fluency
(β=0.28, SE= 0.13, t=2.12, p < .05) when measured at T3, but not
at T1.
In summary, the analysis confirmed that letter sound knowledge

and rapid naming were the most important predictors for children's
early reading abilities. In addition, it revealed that the time when these
constructs are assessed is of crucial importance: Letter sound knowl-
edge had larger effects on later reading skills before than after school
entry. By contrast, rapid naming was only predictive for later reading
skills when assessed after school entry. This indicates that it is not only
important that but also when children acquire specific skills during
reading development. We will come back to this point in the final
discussion.

4. Discussion

In this study, we compared the effects of reading and spelling pre-
dictors before and after school entry on reading and spelling abilities at
the end of first grade. The study was conducted with children learning a
transparent orthography, whose educators are not obliged to provide
formal literacy training before school entry. Rime awareness, phoneme
awareness, letter sound knowledge and rapid naming were assessed at
two time points before and one time point shortly after school entry.
Word-picture-matching, reading fluency and spelling were assessed at
the end of first grade. Stability and cross-level effects of predictors were
analyzed across school entry. Furthermore, the predictive effects of the
predictors before and after school entry on reading and spelling abilities
at the end of first grade were compared.

4.1. Stability of predictors and cross-level effects

All measures showed medium to strong autoregressive effects in-
dicating that the underlying abilities were stable during the time per-
iods before and across school entry. Furthermore, an analysis of mea-
surement invariance across time indicated stability of the measured
constructs over time as well. However, autoregressive effects of rime
awareness decreased across school entry, the corresponding effects of
phoneme awareness, letter sound knowledge, and rapid naming re-
mained stable or increased. The increase in effects of phoneme
awareness and rapid naming is likely to be explained by an increase in
training as these variables are indirectly taught through literacy
training in school (Georgiou et al., 2013; Goswami et al., 2005). A
decrease of autoregressive effects in rime awareness might be related to
a decrease in variability as an increasing number of children master this
ability over time (Mann & Wimmer, 2002; Ziegler & Goswami, 2005).
In addition, we found some cross-level effects between the early

literacy precursor abilities. Before school entry, letter sound knowledge
was predicted by rime awareness and letter sound knowledge in turn
predicted phoneme awareness. The latter effect persisted across school
entry. This points to an often reported, reciprocal relationship between
letter sound knowledge and phonological abilities (i.e., Castles &
Coltheart, 2004; Goswami et al., 2005). Our findings indicate that
children acquire fine-grained phonological skills (phoneme awareness)
via the acquisition of letter-sound correspondences. This is in line with
the assumption that the acquisition of phoneme awareness is influenced
by the development of letter knowledge (i.e., Ziegler & Goswami,
2005). Our study, thus, replicates results from similar studies with
children learning a transparent orthography (i.e., Mann & Wimmer,
2002; Goswami et al., 2005). However, our study adds to the existing
knowledge by showing that this reciprocal relationship starts earlier
than is typically assumed.

Fig. 3. Paths of significant effects of third path model with predictors at T1 and T4 predicting reading and spelling abilities at T4.
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4.2. Predictive effects before and after school entry

An important finding of this study is that letter sound knowledge
was consistently the most important predictor for early reading and
spelling abilities. In addition, and in contrast to earlier studies on lit-
eracy development in German that included letter sound knowledge
(i.e., Goswami et al., 2005; Mann & Wimmer, 2002), the children in our
study showed a rather high level of letter sound knowledge even before
school entry. It is difficult to evaluate whether this difference is part of a
systematic trend over the last decade, because there were few studies
that have investigated the development of letter sound knowledge in
German. One factor that might have contributed to this is an increasing
level of regular contact to letters through the modern media landscape
and, as a consequence, an increase in sporadic, early letter sound
knowledge training at home and in ECEC facilities (Kuger, Roßbach, &
Weinert, 2013; Lehrl, Ebert, Roßbach, & Weinert, 2012; Niklas &
Schneider, 2013).
Another important finding of this study is that letter sound knowl-

edge was found particularly helpful for later reading and spelling skills
when it was acquired early. Letter sound knowledge at T1 showed
substantial direct effects on all outcome variables over and above the
corresponding effects at T3. Thus, in line with our expectations, the
predictive effect of letter sound knowledge decreased across school
entry, which might be related to the explicit training of letter-sound
knowledge at the beginning of first grade.
Moreover, and also in line with our expectations, rapid naming

became more relevant to the prediction of reading abilities across time.
While rapid naming did not predict any of the outcome variables before
school entry it emerged as the most powerful predictor for both word-
picture-matching abilities and reading fluency after children had en-
tered school. Again, this shift is presumably associated with the onset of
formal reading instruction which indirectly fosters serial processing
abilities and, thus, the mechanism underlying both rapid naming and
reading (Georgiou et al., 2013). In contrast to the findings of Moll et al.
(2014) in grade 4, we did not find effects of rapid naming on spelling,
which might indicate that the writing process is not serialized at the end
of first grade yet.
Contrary to our expectations, predictive effects of phoneme

awareness did not increase across school entry. In fact, once cross-level
effects with letter sound knowledge were controlled for, the effect of
phonological variables was surprisingly small in our study. Similar
patterns were reported by studies with Finnish and Dutch (Hulme et al.,
2015; Torppa et al., 2010; van Viersen et al., 2018), which indicates
that letter sound knowledge and rapid naming might play a more im-
portant role in transparent than in opaque languages.
Moreover, although rime awareness did not predict reading or

spelling, it did predict the knowledge of letter sound correspondences
during the last kindergarten year and rapid naming across school entry.
Thus, rime awareness had an indirect impact on literacy development
that was relevant for the development of significant precursor skills.
Overall, rime awareness was more relevant as a predictor at earlier
stages of literacy development (T1 and T2) than at later ones, which is
in line with previous literature on literacy development in transparent
orthographies (Castles & Coltheart, 2004; Goswami et al., 2005; Ziegler
& Goswami, 2005).
It is important to note, however, that our study also has some lim-

itations with regard to evaluating the impact of different precursor
skills and their change over time. In particular, by the very design of
our study, the variability of some variables decreased across school
entry because children became better with increasing age. This is un-
avoidable in a longitudinal study in which the same measures are used
at all measurement points. In this setting, tasks have to be easy enough
so that they could be administered even to very young children.
Although our tests for measurement invariance indicated that all vari-
ables still measured the same constructs, it would be advisable to use an
adaptive and incremental study design in future studies (i.e.,

Embretson, 2000).

5. Conclusion

In conclusion, we found that letter sound knowledge was an im-
portant early predictor for German children's early reading and spelling
skills before school entry, while rapid naming was the most important
predictor for reading abilities after school entry. Phoneme awareness
did not predict reading or spelling abilities after cross-level effects when
letter sound knowledge was controlled for. Our findings, thus, de-
monstrate that the impact of different literacy precursor skills in chil-
dren learning a transparent orthography differ before and after school
entry. Further research is needed in order to investigate the develop-
mental trajectories of different precursor abilities and how to imple-
ment them in early education curricula.
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